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hasnodynanucs ate the source of rnflammatory and 
immune acrivatioir^ and that chronic hypoxia may 
result in endothelial production of free radicals and 
consequently Ittfcocytc activation 1 * 45 . The. heart itself 
may be a source of tannine activation by this hypoth- 
esis. A attend asserts that imnmne activation is a 
consequence of exposure to exogenous antigen 173 . 

The clinical problem of end-stage heart faihae can he 
tackled by heart transpluit&tiott, and increasingly by tho 
implantation of ventricular assist devices, usually as a 
midge to tnm5plantatianP w3 . Problems with devices 
include thromboembolic events and possible systemic 
inllammatoxy itsponses related to blood contact with 
artificial swfacer^, We have previously shown that 
the degree of oontptcmsnt activation ia a Amotion of 
the severity of cardiogaria shock prior to amujatary 
cuppoxti rather than an effect of surface activation 129 . 

In the present study we sought to describe the pattern 
of inflammatory response to the implantation of a 
ventricular assist device. The device improves the 
haeniodynanuo deficit of severe chronic heart failure, 
bat without rtiaoving the heart aa a potential source of 
activation. In addition, it adds b potentially 
potent fiyTf fl source of nrrmnnft activation in the rfiape of 
an extensive foreign surface. However, if there Ss signifi- 
cant spillover from cardiac cytc&ina production, unJoanV' 
ing tho heart with an assist device should cause long- 
term, reduction in peripheral oytokxnB levels in &Ui f Ivors. 

Despite these potentially potent sources of additional 
inflnTTirnfltinr^ and the effects of major surgery, we have 
found an i nitial lednction in mditfln of nr^ aw iF |s *i nrT| aa 
evidenced by a fall ia levels of tumour necrosis factor a* 
iatericuldn-6 end activated ccnn&^nent. These observa- 
tions accord with previous Work that suggested that left 
ycjitrjcalar assist device i Tflifhntftti9 n T T^h lfiM '^ lft ' A | 1lfe *' 
tfnn of myocardial tnmonr necrosis factor aP 9 *. Assist 
device implantation can have a proftrandir depressant 
effect on T-ceH function lasting up to 3 inoittw 303 . Tho 
|all in tnmonr necrosis factor a seen with mechanical 
assist Is in contrast to what is seen with mnrtrnal therapy 
fbr acute episodes of deecurpenfiarion of ehronic heart 
EaDure where levefa do not fall qindE^ 7 ^ 11 . 

Why is there a fffyfrffl increase in jr* ****** of inuntme 
activation later daring the court* of the study} There Si 
no sign that the patients are retaining fluid and becom- 
ing oe^ematoiB again. Equally, with the heart still 
support by the msirtd^ 

heart has started to secrete tnmonr necccsw (antor a. It 
may be that there is low grade sepsis that we have not 
detected clmleafly, or it way reflect mmrunosnpnressioD 
mdnced by surgery And iflnttas, that is then gnhseqnEnlJy 
scaring oft faflaif i m i i i i i f y and hTrrnnffli* aenvatinn 
may be hidcpepdent of haemo dynamic and functional 
chat^cSi 

We found bo fall in the levels of CD14 and soluble 
tumour neczofiis factor receptor; indeed there was a 
sUght rise in CD14 over the period of the study, CD14 is 
thought to be representative of longer term e q j uam e to 
endotoxin. The temporary fall in tumour nficrosis factor 
a and htf flrteukfn-6 might be npfaineH by a short-term 



reduction in ischaemia as a result of an mcrease in 
cardiac output. In the longer term* tumour necrosis 
factor a increases again (and other infl ammat ory 
markers never change) because the pathophysiological 
process resulting in mnarmnation is not altered by assist 
device implantation, as suggested by the persisting Q314 
level 

We considered the possibility that changes in plasma 
volume might influence oytoJane levels, but we saw no 
change m haemoglobin or harjnatorrjt (which was influ- 
enced by surgical management). Therefore we believe 
that plasma volume could only have had a minor 
influence. Nevertheless, the volume of distribution of 
cytokines in heart failure patients is not known. In view 
of tite loss of weight in the flirt week after surgery, this 
may have influenced results; future studies wul have to 
address this issue in detail* 

Cardiopulmonary bypass circuits have been shown to 
be potent stimulants of an inflammatory response in 
the short-teiii /* 1 '" 3 , but we saw a fall in activated 
comnlemeni and elastase at 1 week. Tins is perhaps 
surprising in view of the pro-thrcenbotte sthnnluB repre- 
sented by the support device. Jt might be that the stress 
of ittnesft and surgery resulted in suppression of the 
hnxmme response^ 1 . Nevertheless* component levels 
were higher than seen in normal subjects (C3a 
<200ng.ml~\ C5a <50Ong-mF 1 )« Etastaac was 
reduced to wfthm the oonnal rangD (<85 pg .ml - *)» 

There is no currently available treatment specifically 
Jot increasing body Weight in heart failure patients. 
Restoring cardiflE output might have such an effect. We 
observed significant weight loss after the assist devices 
were implanted (6-5 kg, or 8-1% of body mass). This 
weight Joss is probably due, at least in part, to reduc- 
tions in body oedema, although we were not able 
specifically to test fbr this. It might be thought that 
greater pre-operatrve weight represents* more fluid reten- 
tion, and hence worse heart fa&ure, but fa this group of 
patients, a higher pie-operative weight conferred abetter 
prognosis. This may reflect the known adverse effect of 
cachexia on prognosis. The left ventricular assist de- 
vice inrnJantahon did not seem to function as a specific 
antra nftrxta intervention, as suggested by the fact that 
mere was a further (grmdTj HecTttib m body mass index by 
the 90 day follow-up. 



I^nitcttiCTts 

There is a possible confoimder in the tumour necrosis 
factor tt data to that the a dtniojflratl on of heparin can 
cnfrwTtee tumour Dectosis factor pnwlwitiDn by mono* 
cytetP* 1 . AH ourpatrentB were still receiving heparin at 
the 1 we& tmie point, euggening that the intrinsic fall in 
tumour necrosis factor tt may be being undernsstiniaecd. 
Mcnccytes are the mam site oftumournccro&i* factor a 
production and we have not measured differential white 
cell counts* nor hav&Twe measured left ventricular vol- 
umes, and cannot thus assess any effect that ahan£p in 
wall stress may have on hnTrnim*' activation. 
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Conclusions 

Patients undergoing ventrtolar asset device fenplan- 
Utiro for severe congestive heart failure as a bridge to 
transplantation have evidence of inflamtnatouf aeti- 
wticm as demonsb-ated hy raised levels of tumour 
necrosis factor ct and its leceptor, activated complement 
and efestase and CDK The levels of tumour mctoob 
factor a, interfeusia^, Qa and eJastae are all reduced 
fay device implantation, alfrongh levels start to tfee 
»prfn between 1 week and 1 month after operation. In 
the short-term fa this group of severely diseased patients, 
left ventrkulai assist device implantatioo has so anti- 
ocheetfc effcCL Lower body mass index at the time of 
device implantation is a powerful predictor of poor 
outcome. 
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